Institutional repositories, green road and backbone of the open access movement, contain a growing number of items that are metadata without full text, metadata with full text only for authorized users, and items that are under embargo or that are restricted to on-campus access only. This paper provides a short overview of relevant literature and presents empirical results from a survey of 25 institutional repositories that contain more than 2m items. The intention is to evaluate their degree of openness with specific attention to different categories of documents (journal articles, books and book chapters, conference communications, electronic theses and dissertations, reports, working papers) and thus to contribute to a better understanding of their features and dynamics. We address the underlying question of whether this lack of openness is temporary due to the transition from traditional scientific communication to open access infrastructures and services, or here to stay, as a basic feature of the new and complex cohabitation of institutional repositories and commercial publishing.
Introduction
Open archives are less open than they should be. In particular, institutional repositories contain a growing number of metadata without full text or with full text only for authorized users. This is not in line with the underlying principles of the open access (OA) movement that defines open access "as a comprehensive source of human knowledge and cultural heritage that has been approved by the scientific community" 1 and that requires freely available scientific literature provided by open archives (green road) and OA journals (gold road). Freely available means "free of charge, and free of most copyright and licensing restrictions" (Suber 2012, p. 4) .
Twenty years after the arrival of the first open repository called arXiv 2 and ten years after the Berlin declaration on open access, the situation is not really satisfying. On the one hand, the open access movement has undergone "dramatic growth" 3 , with nearly 10,000 OA journals, about 3,500 repositories and several millions of freely available documents on the Internet. On the other hand, the repositories, green road and genuine backbone of the OA movement, are less open than expected. They contain many scientific documents that were not available previously on the Internet, but some items are under embargo or restricted to on campus access, and for other items there is only metadata, without links to the full text.
Is the glass half empty or half full? Is this lack of openness temporary due to the transition from traditional scientific communication to OA infrastructures and services? Or is it here to stay? Are embargoed documents the price to pay for the accelerated development of institutional repositories? 4 Although the answers to these questions will be political, they but should take into account and reflect reality. So, what can we conclude about content with restricted access? Are repositories more open for some document types than for others? This paper provides a short overview of relevant literature and presents empirical results from a survey of 25 institutional repositories that contain more than two million items. The intention is to evaluate their degree of openness with specific attention to different categories of documents and thus to contribute to a better understanding of their features and dynamics.
Literature overview
Institutional repositories (IR) have been defined as "tools (…) for collecting, storing and disseminating scholarly outputs within and without the institution" (Jain, 2011) and as "a set of services (…) for the management and dissemination of digital materials created by the institution and its community members (based on) organisational commitment to the stewardship of these digital materials" (Lynch, 2003) . They serve "the interests of facultyresearchers and teachers -by collecting their intellectual outputs for long-term access, preservation and management" (Carr et al., 2008) . As the reason for setting up a repository "carries implications for the content, design and funding of a repository, (…) the institution needs to be clear about the implications of different roles for a repository, while being prepared to change or add roles as the scholarly communication environment develops" (Friend, 2011) . However, they are not homogeneous. There is not one model but multiple options and realizations, and they show different policies, procedures, functionalities, services and metadata, with different business models and funding strategies (Swan & Awre, 2006) . Also, their content may include more than current output from faculty. Smith (2008) Only a small percentage of retrieved items are clearly open access. For most of the repository content, the BASE search engine indicates an "unknown access" status. Of course, unknown does not necessarily mean restricted or no access. Nevertheless, as our own research in the field of electronic theses and dissertations shows (Schöpfel & Prost 2013a) , a significant part of the "unknown access" content is indeed not freely available but under embargo, available only for authorized users and/or on the academic campus or via the institutional intranet, and some of them are available only on a publisher's platform. For PhD theses, our non-representative sample of institutional repositories produced the following data: out of 26% deposited PhD theses with limited access, 17% are embargoed for six months to two years or longer and 9% can only be accessed on-campus (Schöpfel & Prost 2013b) .
A recent paper from Spain provides interesting figures about openness of the institutional repository of the Spanish National Research Council CSIC, showing significant differences between collections of research institutes and document types, together with correlations between openness and full text download statistics (Bernal 2013) . The following study tries to take a closer look at these figures and to compare them with other repositories.
Methodology
The empirical data in our study are from a sample of 25 institutional repositories. All repositories were selected using the repository search tool OpenDOAR, the authoritative directory of academic open access repositories. The following search criteria were applied:  Repository type: Institutional  Content type: PhD theses and articles (at least)  Size: 10,000+ items
The search was conducted by region (Europe, Asia, Africa, Australasia, North America, South America/Central America/Caribbean), and only those repositories that are operational (i.e. recently updated), that contain different document types including non commercial literature (theses, reports etc.), that allow for filtering by document type and access options (full-text vs. restricted/no access to full-text) as a browse and/or search functionality and that indicate the exact number of results (retrieved items) were selected.
Secondly, we conducted a detailed search and/or browsed on each site for specific document types: articles, books and book chapters, conference proceedings and communications, reports, PhD theses, and working papers (unpublished). We also looked for patents and datasets but did not include them in the global analysis. For each document type, we distinguished the items with free and non-restricted access to the full text (open access) from those with restricted access (embargo, intranet, authorized users, etc.) or without full text (reference only). Whenever possible, we also made this distinction for the entire repository content.
The repositories were selected in February 2014. The analyses of each site were conducted in February and March 2014.
Results

Size and openness of the repositories
The selected repositories (IR) compliant with the criteria outlined above are listed in the appendix. For our study, we did not evaluate the whole content of each IR but limited the analysis to six document categories (working papers, theses, reports, articles, communications, books/book chapters). The total number of items in our study is 2,086,622.
The median size of the sample repositories is 26,683 documents, ranging from 1,199 (Amherst) to 775,561 (HAL). Again, this is not the total size but the sum of the selected and evaluated document types, excluding for example courseware, images or Master dissertations; thus, the true size is higher. 
Openness per document type
More than half of the documents in our sample are journal articles. Together with the conference communications, they represent more than ¾ of the entire content. The six document categories in the sample were distributed in the manner shown in Figure 2 . Compared to articles and communications, the other document types are less important. Books and book chapters are represented at 10%, followed by PhD theses (8%), reports (4%) and working papers (1%). The evaluation of their degree of openness -the part of the items freely available on Internet -offers specific values for each document type (figure 3). The overall degree of openness of working papers is 0.96, which means that in the entire sample all but 4% of the working papers are freely accessible' followed by PhD theses (0. Is lack of openness the price to pay for large numbers of items? Again, we must be careful with interpretation as there may not be any causal relationship. So far, articles and communications remain the most important part of scientific communication and both are more or less controlled by commercial publishing, with a higher degree of copyright protection. We'll come back to this point in the discussion.
Profiles of repositories
The degree of openness of repositories is mainly influenced by the percentage of freely available articles, as they are the most important part of the repositories' content. Content structure and openness are closely related. Repositories with a high percentage of articles with full text most often have a higher degree of openness, with a Pearson coefficient near to 1.0.
A scattergram with the percentage of open ETD and articles reveals three clusters of institutional repositories (figure 4).
Figure 4: Openness of theses and articles (all repositories)
Based on the median and quartiles, we can distinguish three clusters of repositories:
(1) Articles and theses with a high degree of openness (upper right side): among these are the repositories of Milano, Geneva, Izmir and Chiba.
(2) Theses with a high degree of openness, articles with medium or low openness (lower right side): the repositories of CSIC, CNRS (HAL), Swinburne or the Royal Melbourne Institute of Technology are in this category.
(3) Repositories with a medium or low degree of openness for articles and a medium degree of openness for theses: included here are Torino, Ghent and Uppsala (in the middle of the lower side).
If we take into account all documents, not only articles and theses, the landscape of repositories becomes more complex and differentiated. Yet, we can identify four different groups with regards to openness:
Open repositories: ten sites are more open than the others, for all or most document types (median 0.97, range 0.62-1.00). Examples: Milano, Geneva, Izmir, Chiba, CSIC, Western Kentucky.
Closed repositories: six sites have lower degrees of openness for all or most document types (median 0.13, ranging 0.07-0.39). Examples: Torino, Ghent, Uppsala, National Taiwan University, Chalmers (Göteborg).
Mixed repositories: six sites with different degrees of openness for different types of documents (median 0.17, ranging 0.05-0.48). Examples: Brisbane, Swinburne, Monash University Melbourne.
Grey repositories:
three sites relatively open for grey literature and relatively closed for articles and books (median 0.27, ranging 0.18-0.37). Examples: HAL, Hong Kong, Singapore Management University.
The characteristics of these four groups was determined empirically and may only reflect the particularities of the sample and the selected document types. Nonetheless, they may illustrate the emerging and heterogeneous landscape of institutional repositories and reveal different evolutions, policies and environments.
Other results
Some institutional repositories contain datasets and patents. We identified nearly 70,000 items in our sample; 60,219 datasets and 8,982 patents. While only 3% of the datasets were freely available, patents are disseminated with a degree of openness of 0.61, which means that nearly 2/3 of the patents are freely accessible in these repositories. This is surprising for two reasons: the global tendency for open data and the often high protection of patents.
Often the real nature of access restriction remains uncertain. Are the documents under embargo and will they be released and openly accessible in the future? Are they restricted to on-campus access only or is it both of these? And what about missing full text, records without documents? From our results we can only make a cautious guess, that embargo periods represent a small part of access restrictions (in our sample only 2%) and that most of the lack of openness is caused by on-campus only access and by the deposit of metadata without a corresponding document.
Finally, our study was not designed as a longitudinal survey to detect developments and tendencies over three years or more. Yet, our data allow for some anecdotal evidence.The degree of openness of the Spanish CSIC repository declined between 2007 and 2014 from 0.99 to 0.56, which confirms other observations that with time, the repositories not only contain more and more items and metadata but also become, at least partially, less open.
Discussion
Sampling, searching and browsing
Our intention was to focus on large institutional repositories with 10,000 items or more and to select a random sample that met the criteria described above, from all geographic regions. However, this task was more difficult than expected. In some regions, such as South America or Africa, there are few repositories with more than 10,000 items that also have a rich content, not just theses and dissertations. In North America, but also in Africa, many repositories lack advanced functionalities of filtering and browsing so that it is impossible to identify OA items and specific document types.
In other repositories, the meaning of open access or full text is ambiguous. We found different options, like open access, full text, PDF, open access via publisher. The last option is a very special interpretation of open access because the link to the publisher's server is generally restricted to authorized users and is not open at all. Two examples from Australia: espace@curtin 6 , Curtin University's institutional research repository at Perth (Australia), does not allow for filtering open access items; the search results explain that the "file (is) restricted" or provide an alternative location linking through DOI to the publisher's platform.
The University of New England repository e-publication@UNE 7 provides links to servers or publishers' platforms with restricted access or to the local OPAC "where you can borrow or buy the book". Sometimes one must register for searching in the repository. Is this still open access?
For our study, these factors may introduce a bias. Because of the selection criteria, the sample excludes not only small repositories but also repositories without advanced and rich functionalities; that is, those with basic indexes, search and browsing options. Only a survey of the hosting institutions could produce empirical evidence for these repositories.
From documents to items
Our study reveals another different kind of problem. Our intention was to measure the degree of openness for institutional repositories and also for some main document types. This was not always possible for two reasons.
The first reason is that in a large number of repositories, it is simply not possible to browse or search for specific document types. All deposits are considered "items" without the traditional library distinctions of articles, books, dissertations and so on. This is all the more regrettable especially as these distinctions are helpful not only for librarians but also for readers. When the complete metadata sets can be visualized, we realize that there are two situations. Sometimes the metadata describe the document type but they cannot be searched or browsed. In the other case, repositories simply have not indexed the document type at all.
The second difficulty is the complete lack of standardization or even harmonization. The typologies are more or less detailed, depending on local needs and habits. Some repositories distinguish between three different types of reports or five different theses and dissertations while others do not. Sometimes even the sub-collections of the same institutional repositoryinstitutes, departments, schools and so on -describe their document types in different ways.
Retrieving datasets is particularly difficult. We were looking for research results, raw data or small data, unpublished material that could be reused for verification, replication, datamining or meta-analysis. But only some of the repositories correctly index them as data. Others split them up into categories such as sound, speech, survey, still image, script and so on.
Regarding lack of differentiation vs. too much differentiation… Is it still necessary to distinguish between document types? Is it enough to provide access to "information"? Is it not better to transform documents into "items"? We don't think so, because the typology of documents contains valuable information for the reader, about quality and labelling and so on, and because a minimum of standardization is necessary for the interoperability of all these sites.
The case of grey literature
The analysis of the different degrees of openness in institutional repositories reveals differences not only between repositories but also between document types (see figure 3 and table 2 above). Some of these documents, in particular theses, working papers and reports, are grey literature, defined as "not controlled by commercial publishers" (Schöpfel & Farace 2010) .
Compared to articles published in journals, books and book chapters, these categories are generally more available via open access. In sixteen repositories, their degree of openness is higher than for articles and books, and in six others, they are at the same level. Institutional repositories seem to facilitate the dissemination of grey literature in open access, above all, working papers and also theses and reports.
However, some repositories display rather low degrees of openness for theses and/or reports, with only one or two items out of five available in full text. This lack of openness cannot be explained by assignment of rights to publishers. The reasons are different and especially for theses and dissertations, the decision to embargo or deposit metadata without the full text can be explained by lack of awareness, intellectual property concerns and fear of plagiarism, legitimate interests, expected exploitation (publishing) and trade secrets (Schöpfel & Prost 2013a) . The reasons for restricted access to technical and scientific reports which are often institutional products may be different and more related to confidential or sensitive content, trade secrets and so on.
Communications, contributions to scientific conferences, workshops and seminars, are somewhere between both categories. Their degree of openness is often lower than theses, reports and working papers and higher than articles and books, yet closer to the last categories. The explanation here may be very wide-ranging copyright protection, with some types of communications published through commercial channels, as special issues or parts of journals along with articles or in book series, while others are disseminated as grey literature by institutions, learned societies, non-commercial publishing houses, etc.
In the future, institutional repositories should be very careful, and aware of the amount of interest there is in these types of documents. Often, articles and books are available through other channels and in other versions, in particular on the publishers' servers. On the contrary, grey literature, because of its generally strong institutional character, is often available on a limited number of servers or only on one platform, the institutional repository. Open access to these items should therefore be provided whenever possible, without embargos or other access restrictions.
Conclusion
The basic idea of open access may be simple, to cite Peter Suber (2012) , but the reality of the open access movement is composite and multifaceted. Contrary to expectations, open does not always guarantee access to the documents, and too often institutional repositories which became the main vector of the OA movement give priority to large numbers of records over high degrees of openness.
Two strategies contribute to this situation. On the one hand, institutions have seized the opportunity of institutional repositories to gain control of their own scientific output. Large and exhaustive repositories allow for scientometric evaluation of research results and productivity; here metadata are important while access to full text is secondary, marginal.
On the other hand, some leaders of the open access movement and also governments and institutions began to distinguish between immediate and mandatory deposit of metadata and access to the full text, in order to accelerate the transition to green open access. Embargo periods are considered to be better than nothing and acceptable also because "immediatedeposit (…) and the contingency on eligibility for research assessment and funding (…) ensure that the primary locus of deposit will be the institutional repository" 8 . Some initiatives such as the Open Access Button 9 may help in coping with embargoed items.
For the scientist searching for documents on the Internet this lack of openness is less satisfying. Metadata without a link to the full text produce the same kind of barrier or pay wall as a publisher's platform for authorized users only. The promise of access in some months or years (after the end of the embargo period) is not of interest to most scientific communities in need of recent publications, especially for those working in emerging and "hot", cutting edge fields of research. This situation is even less satisfying because the largest part of lack of openness appears not to be due to embargo periods limited in time but to dissemination restricted to on-campus or institution-wide availability, without any specified time limits.
So, is the glass half empty or half full? Is this lack of openness a transitory effect, a kind of collateral damage of institutional decisions, individual choices, political strategies and intellectual property laws that will disappear with the advent of full open access? Or on the contrary is it (and will it remain) a basic feature of the new and complex cohabitation of institutional repositories and commercial publishing? The future will tell. In the meantime, what should be expected is that institutions will clarify and be explicit about their open access policy and assure the same level of quality for repositories as they have always done for their catalogues and databases.
